Driver B, Marks DC, van der Wal DE. Not all (N)SAID and done: Effects of nonsteroidal anti‐inflammatory drugs and paracetamol intake on platelets. Res Pract Thromb Haemost. 2020;4:36--45. 10.1002/rth2.12283

Handling Editor: Neil Zakai

**Funding information**

Australian governments fund the Australian Red Cross Blood Service to provide blood, blood products, and services to the Australian community.

EssentialsNonsteroidal anti‐inflammatory drugs (NSAIDs) can inhibit platelet aggregation and secretion by inhibiting cyclo‐oxygenase 1.The effect of paracetamol (acetaminophen) on platelets is poorly studied.Little is known about the effect of NSAIDs and their metabolites on stored platelets.Postponing platelet donation after NSAID intake may affect platelet quality following storage.

1. INTRODUCTION {#rth212283-sec-0001}
===============

Transfusion of platelet products is lifesaving for trauma, surgical and hemato‐oncology patients, yet they are often in short supply and high demand due to their short shelf life. Although the inhibitory effect of aspirin and ibuprofen on platelets is well established, only a small number of studies have investigated the effect of NSAID metabolites and paracetamol on platelet function. There is even less known about the impact of NSAIDs, paracetamol, and metabolites on platelet quality during storage and after transfusion. In this review, we provide an overview of the effect of NSAIDs on platelet function. This review focuses on the over‐the‐counter (OTC) medications aspirin, ibuprofen, and paracetamol, as these medications are widely consumed and consumer knowledge about these medications is limited.[1](#rth212283-bib-0001){ref-type="ref"}

The popularity and accessibility of NSAIDs presents a challenge to blood services that collect and store platelet products. Prior to blood donation, donors are asked to complete a health questionnaire, which asks donors about recent NSAID use. Based on their disclosure, donors may be prevented from donation for a period of time (deferral). Each country sets its own deferral periods and maximum platelet shelf life (Table [1](#rth212283-tbl-0001){ref-type="table"}). There are currently no deferrals in place for paracetamol.

###### 

NSAID deferrals and maximum platelet shelf‐life

  Country          Aspirin deferral                                                                             Nonaspirin NSAID deferral                         Maximum platelet shelf‐life
  ---------------- -------------------------------------------------------------------------------------------- ------------------------------------------------- --------------------------------------------------
  Australia        5 days[95](#rth212283-bib-0095){ref-type="ref"}                                              2 days[95](#rth212283-bib-0095){ref-type="ref"}   5 days[96](#rth212283-bib-0096){ref-type="ref"}
  United States    2 days[97](#rth212283-bib-0097){ref-type="ref"}, [98](#rth212283-bib-0098){ref-type="ref"}   ...                                               7 days[99](#rth212283-bib-0099){ref-type="ref"}
  Canada           3 days (also naproxen)[100](#rth212283-bib-0100){ref-type="ref"}                             1 day[100](#rth212283-bib-0100){ref-type="ref"}   7 days[101](#rth212283-bib-0101){ref-type="ref"}
  United Kingdom   2 days[102](#rth212283-bib-0102){ref-type="ref"}                                             ...                                               7 days[103](#rth212283-bib-0103){ref-type="ref"}

John Wiley & Sons, Ltd

2. NSAIDs: MECHANISM OF ACTION {#rth212283-sec-0002}
==============================

Cyclo‐oxygenase (COX) enzymes are the primary targets of NSAIDs and exist in 2 isoforms: COX‐1 and COX‐2. COX‐1 is constitutively expressed, in contrast to COX‐2, which is inducible.[2](#rth212283-bib-0002){ref-type="ref"} COXs are glycosylated, bifunctional, membrane‐bound enzymes primarily located in the endoplasmic reticulum and catalyse the conversion of arachidonic acid (AA) to prostaglandin G~2~ (PGG~2~) and PGG~2~ to prostaglandin G~2~ (PGH~2~) by peroxidase (POX) activity. COX is integrated into only 1 leaflet of the lipid bilayer, and due to its hydrophobicity, the COX substrate AA remains near the enzyme once it is released from the membrane phospholipids by cytosolic phospholipase A~2~ (cPLA~2~).[3](#rth212283-bib-0003){ref-type="ref"} AA is converted by COX‐1 into thromboxane A~2~ (TxA~2~), which promotes platelet activation and hemostatic clot formation.

Inhibition of COX is the primary mechanism of action of NSAIDs, which can be broadly classified according to their binding (reversible or irreversible) and selectivity. Common OTC NSAIDs such as aspirin and ibuprofen are cross‐selective inhibitors of both COX isoforms. Aspirin irreversibly acetylates a key residue within COX‐1 that blocks the access of AA to the active site,[4](#rth212283-bib-0004){ref-type="ref"}, [5](#rth212283-bib-0005){ref-type="ref"} whereas ibuprofen reversibly blocks AA access.[6](#rth212283-bib-0006){ref-type="ref"}, [7](#rth212283-bib-0007){ref-type="ref"} Paracetamol is an OTC drug, and although not categorized as an NSAID, it reversibly inhibits COX by acting as a reducing cosubstrate at the POX site.[8](#rth212283-bib-0008){ref-type="ref"} The metabolites of NSAIDs may also inhibit COX activity. In vivo, aspirin is rapidly deacetylated to form the active metabolite salicylic acid,[9](#rth212283-bib-0009){ref-type="ref"} which is less potent than aspirin itself and binds to COX in a reversible manner.[10](#rth212283-bib-0010){ref-type="ref"}

3. ROLE OF TxA~2~ IN PLATELET ACTIVATION {#rth212283-sec-0003}
========================================

Upon vascular injury, collagen fibers become exposed, bridging von Willebrand factor (VWF) to the platelet adhesion receptor glycoprotein Ibα (GPIbα), thereby activating cPLA~2~ leading to release of polyunsaturated fatty acids including AA (Figure [1](#rth212283-fig-0001){ref-type="fig"}).[11](#rth212283-bib-0011){ref-type="ref"} Binding of other platelet agonists to their respective receptors also induces AA release. The majority of released AA is metabolized by COX‐1 to form endoperoxides and converted by thromboxane (Tx) synthase to TxA~2~. AA is also metabolized further into eicosanoids including leukotrienes and related bioactive lipid mediators (Figure [2](#rth212283-fig-0002){ref-type="fig"}). Platelets synthesize long‐chain fatty acids, such as hydro(pero)xyeicosatetraenoic acids (HPETEs) by 12‐lipoxygenase (12‐LOX), which are unstable precursors of hydroxyeicosatetraenoic acids (HETEs). The final products of cytochrome P450 (CYP450) activity are 14‐ and 15‐epoxyeicosatrienoic acids (EETs) (Figure [2](#rth212283-fig-0002){ref-type="fig"}).[12](#rth212283-bib-0012){ref-type="ref"}, [13](#rth212283-bib-0013){ref-type="ref"} A wide variety of potential AA metabolites are produced by platelet COX, LOX, and CYP450 enzymes (Figure [2](#rth212283-fig-0002){ref-type="fig"}), which exhibit both anti‐ and pro‐platelet activation properties.[14](#rth212283-bib-0014){ref-type="ref"} Formation of other AA metabolites is of great importance in circumstances when platelet COX activity is blocked by the presence of NSAIDs.

![Thromboxane‐mediated platelet activation. At sites of vascular injury, von Willebrand factor (VWF) binds platelet adhesion receptor glycoprotein (GP)Ibα. Subsequent phosphorylation of P38 mitogen activated protein kinase (MAPK) and cytosolic phospholipase A2 (cPLA~2~) leads to the liberation of arachidonic acid (AA) from the phospholipid bilayer. Similar to VWF binding, AA is also released following stimulation of platelets by other agonists. AA is converted into thromboxane (Tx)A~2~ by cyclo‐oxygenase 1 (COX‐1) activity. TxA~2~ amplifies platelet aggregation by binding to its receptor TPα in a positive feedback loop. NSAID including aspirin inhibit COX‐1 activity and thereby inhibit platelet aggregation](RTH2-4-36-g001){#rth212283-fig-0001}

![Role of cyclooxygenase (COX)‐1 and COX‐2 in platelet activation. Arachidonic acid (AA) is liberated from the phospholipid bilayer and metabolized into various prostanoids. COX‐1 and 2 contain distinct COX and peroxidase (POX) sites. Within platelets, COX‐1 is present in higher amounts than COX‐2 and converts AA to prostaglandin (PG)G~2~ by COX and prostaglandin H~2~ by POX activity. The other COX‐1 metabolite, PGH~2~, is further metabolized into the platelet activator thromboxane A~2~ (TxA~2~) as well as other prostaglandins. Cytochrome P450 monooxygenase (CYP450) activity results in the conversion of AA into epoxy‐eicosatrienoic acids (EETs) and dihydroxyeicosatrienoic acids (DHETs). Lipoxygenase (LOX) enzymes (5‐, 12‐, 15‐LOX) also metabolize AA resulting in the formation of various hydro(peroxy)‐eicosatetraenoic acids (HETEs) and leukotrienes (LTs)](RTH2-4-36-g002){#rth212283-fig-0002}

The other COX‐1 product, PGH~2~, is converted to PGI~2~, PGE~2~, PGD~2~, and TxA~2~ by PG‐ and TxA~2~‐synthase, respectively.[15](#rth212283-bib-0015){ref-type="ref"}, [16](#rth212283-bib-0016){ref-type="ref"} Upon binding to the G protein--coupled receptors for prostaglandin and thromboxane (TPα) respectively, PGI~2~ and TxA~2~ have opposing roles in vascular hemostasis. PGI~2~ and PGD~2~ inhibit platelet secretion and aggregation by activation of the enzyme adenylyl cyclase, thereby increasing cyclic adenosine monophosphate levels and dampening the activation induced calcium rise.[17](#rth212283-bib-0017){ref-type="ref"} TxA~2~ triggers calcium mobilization, platelet shape change, aggregation, and secretion, finally promoting hemostasis plug formation. TxA~2~ acts in a positive feedback loop by binding to TPα, and more platelets are recruited upon TxA~2~ release. TPα‐mediated platelet shape change depends mainly on G~12/13~, whereas aggregation depends primarily on G~αq~.[17](#rth212283-bib-0017){ref-type="ref"}, [18](#rth212283-bib-0018){ref-type="ref"} TxA~2~‐induced platelet aggregation appears to depend exclusively on ADP and other released platelet granule contents.[19](#rth212283-bib-0019){ref-type="ref"}

4. EFFECT OF ASPIRIN ON PLATELETS {#rth212283-sec-0004}
=================================

Acetylation of the COX active site by aspirin blocks binding of the substrate AA over the lifetime of platelets in vivo (8‐9 days); as they are anucleated, they are unable to synthesize new COX‐1.[20](#rth212283-bib-0020){ref-type="ref"}, [21](#rth212283-bib-0021){ref-type="ref"} Overall platelet function starts to recover 48‐72 hours after aspirin treatment and fully recovers after 96 hours, as new platelets are continuously formed from megakaryocytes.[22](#rth212283-bib-0022){ref-type="ref"} Complete inhibition of TxA~2~ production is achieved for at least 24 hours after a single 100‐mg dose of oral aspirin.[23](#rth212283-bib-0023){ref-type="ref"}

Aspirin interferes with platelet activation, aggregation, and secretion by inhibiting the production of TxA~2~.[24](#rth212283-bib-0024){ref-type="ref"}, [25](#rth212283-bib-0025){ref-type="ref"} Aspirin has also been shown to stimulate the production of the platelet inhibitor nitric oxide (NO) in vitro and in vivo*,* which may contribute to its antiplatelet activity.[26](#rth212283-bib-0026){ref-type="ref"} Aspirin impairs α granule secretion and VWF binding in response to weak platelet activators such as ADP and epinephrine. However, VWF binding is unaffected by aspirin when platelets are stimulated with potent agonists such as thrombin.[27](#rth212283-bib-0027){ref-type="ref"} Timing of aspirin intake may be linked to platelet inhibition, as one study demonstrated that TxA~2~ inhibition was suboptimal when 80 mg of aspirin was taken in the morning when compared to the same dose in the evening.[28](#rth212283-bib-0028){ref-type="ref"}

In a recent analysis of the platelet lipidome,[29](#rth212283-bib-0029){ref-type="ref"} resting platelets were found to contain over 5000 unique lipid species, of which thrombin stimulation increased 900. Aspirin treatment (75 mg/day for 7 days) blocked the formation of TxA~2~ and inhibited the formation of thrombin‐induced lipid species by 50%. This indicates that COX‐1 is crucial for platelet activation--dependent changes in the lipidome. Among other lipids, aspirin also increased formation of AA in resting platelets in some but not all donors, highlighting that this process is donor specific.[29](#rth212283-bib-0029){ref-type="ref"}

Inhibition of TxA~2~ formation is not the only mechanism by which aspirin acts on platelets. The degree of platelet inhibition following 75 mg of oral aspirin is proportional to decreases in 12‐HETE, a metabolite of 12‐LOX.[30](#rth212283-bib-0030){ref-type="ref"} Inhibition of 12‐HETE production ex vivo has been observed with aspirin doses as low as 20 mg.[31](#rth212283-bib-0031){ref-type="ref"}

Aspirin resistance can occur if aspirin is unable to inhibit platelets and has been linked to an increase in the expression of the β~3~ domain of fibrinogen receptor α~IIb~β~3~ integrin, thereby rescuing urinary dehydrothromboxane B~2~ and AA‐induced platelet aggregation.[32](#rth212283-bib-0032){ref-type="ref"} Moreover, platelet multidrug resistance protein 4, an ATP‐binding cassette membrane transporter associated with aspirin resistance, can be upregulated following chronic aspirin treatment, leading to incomplete COX‐1 inhibition.[33](#rth212283-bib-0033){ref-type="ref"}, [34](#rth212283-bib-0034){ref-type="ref"} Ethnic variations in aspirin efficacy have also been recorded and are associated with the thrombin receptor protease‐activated receptor‐4.[35](#rth212283-bib-0035){ref-type="ref"}, [36](#rth212283-bib-0036){ref-type="ref"} Varied aspirin efficacy in different donor populations complicates the process of determining optimal aspirin deferral periods.

5. THE EFFECT OF ASPIRIN ON PLATELET‐DERIVED VESICLES {#rth212283-sec-0005}
=====================================================

As platelets are highly activated or become procoagulant following stimulation by collagen and thrombin (known as COATED platelets), platelet‐derived extracellular vesicles (EVs) are shed.[37](#rth212283-bib-0037){ref-type="ref"} EVs are also shed into the storage medium during platelet storage.[38](#rth212283-bib-0038){ref-type="ref"} COX‐1 and ‐2 are present in EVs; however, their role is unclear. [39](#rth212283-bib-0039){ref-type="ref"} EVs also contain 12‐LOX, which converts AA into 12‐HPETE. 12‐HETE within EVs promotes their internalization into activated neutrophils, characterizing EVs as potentially important mediators of intercellular communication and inflammation.[40](#rth212283-bib-0040){ref-type="ref"}

The effect of aspirin on EV release and phenotype is poorly studied, and findings are contradictory. Addition of aspirin to platelets in vitro (50 µM) has been shown to inhibit EV release.[41](#rth212283-bib-0041){ref-type="ref"} However, in another study, 150 mg of aspirin for 3 days did not alter the number of EVs released in healthy subjects.[42](#rth212283-bib-0042){ref-type="ref"}

PLA~2~ is present in platelet‐derived EVs and released (free) mitochondria, which are also released during platelet storage.[43](#rth212283-bib-0043){ref-type="ref"} The potential AA accumulation due to the presence of aspirin or other NSAIDs might be further metabolized by this enzyme~.~ As AA is also present in EVs, increasing various signaling proteins including protein kinase C and p38 mitogen‐activated protein kinases (P38MAPK) and ultimately COX‐2 upregulation in monocytes and endothelial cells.[44](#rth212283-bib-0044){ref-type="ref"}

Smaller platelet‐derived EVs, known as exosomes (50‐100 nm in size), contain cytokines, chemokines, growth factors, coagulation factors, lipoproteins, and other lipids, as well as several types of RNA. In one study, low‐dose aspirin treatment for 1 week (dose not specified) suppressed a variety of these cargo proteins including the α‐granule protein platelet factor 4, as well as platelet cytoplasmic proinflammatory protein high‐mobility group box 1.[45](#rth212283-bib-0045){ref-type="ref"} Aspirin had no effect on the total number of exosomes shed.

6. THE EFFECT OF ASPIRIN ON PLATELET DEATH AND CLEARANCE {#rth212283-sec-0006}
========================================================

Platelets are able to undergo cell death via the intrinsic apoptosis pathway involving Bcl‐2 family proteins.[46](#rth212283-bib-0046){ref-type="ref"} Platelet apoptosis may be induced by NSAID treatment. When COX‐1 is inhibited by the NSAID indomethacin in washed platelets, AA accumulates and induces apoptosis through interactions with GPIbα and the scaffolding protein 14‐3‐3ζ.[47](#rth212283-bib-0047){ref-type="ref"} Accumulation of AA also triggers changes in the Bcl‐2‐associated agonist of cell death protein, inducing activation of the proapoptotic protein Bax and subsequently platelet apoptosis.[47](#rth212283-bib-0047){ref-type="ref"} Cold storage of platelets also induces accumulation of AA by activation of P38MAPK and cPLA~2~, as TxA~2~ formation by COX‐1 is prevented at this low temperature.[47](#rth212283-bib-0047){ref-type="ref"} When AA is depleted from platelets, their life span in vivo is rescued in mice, indicating that AA plays a role in platelet apoptosis and clearance.

Aspirin can also reduce platelet life span by upregulation of proapoptotic Bax, leading to increased clearance by phagocytosis.[48](#rth212283-bib-0048){ref-type="ref"} However, the involvement of AA accumulation has not been investigated. These findings show a potential link between the administration of NSAIDs, platelet death, and clearance. It is unclear whether this might become important following transfusion of platelet products if NSAIDs and their metabolites were to be present.

7. EFFECT OF IBUPROFEN ON PLATELETS {#rth212283-sec-0007}
===================================

Ibuprofen is administered as a racemic mixture of *S‐* and *R*‐ enantiomers, but only *S*‐ibuprofen inhibits COX‐1 and ‐2.[49](#rth212283-bib-0049){ref-type="ref"} Addition of ibuprofen in vitro (80 µM) inhibits ADP‐induced aggregation and prostaglandin synthesis and also stimulates the production of NO. Unlike aspirin, the inhibition is transient in nature due to reversible binding of *S‐*ibuprofen to COX‐1.[26](#rth212283-bib-0026){ref-type="ref"} Ibuprofen has also been shown to inhibit AA, epinephrine, and collagen‐induced platelet aggregation in a dose‐dependent manner in vitro*.* [50](#rth212283-bib-0050){ref-type="ref"}, [51](#rth212283-bib-0051){ref-type="ref"}

The platelet function analyzer (PFA‐100) is used to assess platelet activation under high shear stress and stimulation by collagen and ADP or epinephrine. In healthy individuals completing a 7‐day course of ibuprofen (600 mg orally every 8 h), PFA‐100 scores indicated platelet dysfunction in 63% of participants, which normalized after 24 hours due to reversible COX‐1 inhibition.[52](#rth212283-bib-0052){ref-type="ref"}

8. EFFECT OF PARACETAMOL ON PLATELETS {#rth212283-sec-0008}
=====================================

Due to limited anti‐inflammatory activity, paracetamol is not categorized as an NSAID. However, paracetamol is commonly taken for the relief of pain and fever.[53](#rth212283-bib-0053){ref-type="ref"} Metabolism occurs primarily in the liver, but also in the gut and kidneys.[54](#rth212283-bib-0054){ref-type="ref"} Important metabolites include paracetamol glucuronide, paracetamol sulfate and the hepatotoxic *N*‐acetyl‐*p*‐benzoquinone imine (NAPQI).[54](#rth212283-bib-0054){ref-type="ref"}, [55](#rth212283-bib-0055){ref-type="ref"} Paracetamol does not bind to the aspirin‐binding site on COX‐1, as paracetamol treatment prior to aspirin does not protect platelets from irreversible COX‐1 inhibition.[56](#rth212283-bib-0056){ref-type="ref"} Instead, paracetamol inactivates the POX site within COX‐1 and ‐2 by acting as a reducing cosubstrate.[8](#rth212283-bib-0008){ref-type="ref"} Paracetamol is a much less potent COX inhibitor in platelets when compared to other cell types. After platelet activation, 12‐HPETE is formed by platelet 12‐LOX, which activates COX‐1 and reverses the action of paracetamol on COX‐1.[8](#rth212283-bib-0008){ref-type="ref"}

To date, few studies have attempted to characterize the effect of paracetamol on platelets, and those published report variable findings. The prevailing dogma is that paracetamol has limited or no antiplatelet effects when compared to aspirin.[57](#rth212283-bib-0057){ref-type="ref"} Some studies have shown that paracetamol has antiplatelet effects, while other studies suggest that it does not.

In healthy volunteers, 500 mg of oral paracetamol had no effect on TxA~2~ synthesis as determined by gas chromatography--mass spectrometry (GC‐MS); however, only 2 individuals were included in this study.[57](#rth212283-bib-0057){ref-type="ref"} Paracetamol failed to inhibit TxA~2~ synthesis following a single oral dose of 3 g.[58](#rth212283-bib-0058){ref-type="ref"} In a cohort of 35 surgery patients, 3 g of paracetamol administered intravenously failed to inhibit AA, ADP, or thrombin receptor--activating peptide (TRAP)‐induced platelet aggregation.[59](#rth212283-bib-0059){ref-type="ref"} In a comparison of 1‐g oral aspirin with paracetamol, paracetamol was found to have no effect on collagen‐induced platelet aggregation or bleeding time after 24 hours,[60](#rth212283-bib-0060){ref-type="ref"} which is expected, given the short plasma half‐life of paracetamol (1.5‐2.5 h).[54](#rth212283-bib-0054){ref-type="ref"}

Other studies have shown that paracetamol has antiplatelet effects and is able to inhibit TxA~2~ synthesis.[61](#rth212283-bib-0061){ref-type="ref"}, [62](#rth212283-bib-0062){ref-type="ref"}, [63](#rth212283-bib-0063){ref-type="ref"} During whole blood clotting in vitro, addition of 100 µM of paracetamol was found to inhibit both PGE~2~ and TxA~2~ production.[61](#rth212283-bib-0061){ref-type="ref"} Administration of intravenous paracetamol (15‐30 mg/kg) inhibited AA, ADP, and epinephrine‐induced platelet aggregation for up to 90 minutes after infusion in a dose‐dependent manner, accompanied by a reduction in TxA~2~ synthesis.[62](#rth212283-bib-0062){ref-type="ref"} When paracetamol tablets (650‐1000 mg) were taken orally, paracetamol inhibited AA‐, collagen‐, and epinephrine‐induced platelet aggregation (performed ex vivo 1 h after ingestion), and reduced AA‐induced TxA~2~ formation by 40% to 99%.[63](#rth212283-bib-0063){ref-type="ref"} Further, the paracetamol metabolite NAPQI inhibited AA‐induced aggregation but had no effect on AA‐induced TxA~2~ formation or collagen‐induced platelet aggregation.[64](#rth212283-bib-0064){ref-type="ref"} Of interest, paracetamol‐mediated inhibition of platelet aggregation was influenced by plasma glucose levels in patients with diabetes, an effect not observed after ibuprofen treatment.[65](#rth212283-bib-0065){ref-type="ref"} The influence of plasma glucose levels on platelet aggregation has not been studied in healthy subjects.

Differences in study design, in particular the concentration of platelet agonists used in aggregation experiments, with or without plasma, may play a role in the mixed results regarding the effect of paracetamol on platelets. The methods used to measure TxA~2~ synthesis varied as well, as some studies that measured the urinary metabolites of TxB~2~ using GC‐MS did not show inhibition, whereas studies that used radioimmunoassay techniques measured a significant reduction in TxA~2~ synthesis after paracetamol treatment. More standardized studies are required to determine the effect of paracetamol on platelet aggregation and TxA~2~ formation.

9. CONCURRENT NSAID USE AND DRUG‐DRUG INTERACTIONS {#rth212283-sec-0009}
==================================================

There are a variety of NSAIDs that have the potential to affect platelet function. The 2 main classes are nonselective NSAIDs, such as diclofenac, naproxen, aspirin, and ibuprofen, and selective NSAIDs (coxibs), such as celecoxib and rofecoxib. Selective NSAIDs selectively inhibit COX‐2, which is upregulated in response to inflammation. COX‐2 inhibitors are selective, as they bind to a channel in the active site of COX‐2 that is not present in COX‐1.[66](#rth212283-bib-0066){ref-type="ref"}

Multiple types of NSAIDs may be taken within a short period or combined in a single formulation. When aspirin is taken after ibuprofen, platelet function recovers after 26 hours, which is similar to platelets inhibited with ibuprofen only.[67](#rth212283-bib-0067){ref-type="ref"} This suggests that aspirin and ibuprofen may compete for COX‐1 binding and that ibuprofen can protect COX‐1 against irreversible acetylation by aspirin.[66](#rth212283-bib-0066){ref-type="ref"}, [67](#rth212283-bib-0067){ref-type="ref"} Concurrent administration of ibuprofen and aspirin results in potential loss of aspirin's cardioprotective effects, as patients have a higher risk of all‐cause mortality compared to patients taking aspirin only.[68](#rth212283-bib-0068){ref-type="ref"} Paracetamol binds to the POX site, and does not compete for the aspirin‐binding site. As a result, paracetamol does not reduce the inhibitory effect of aspirin on platelet function.[56](#rth212283-bib-0056){ref-type="ref"}, [66](#rth212283-bib-0066){ref-type="ref"}, [69](#rth212283-bib-0069){ref-type="ref"}

Timing and order of drug intake also influences the extent of inhibitory effects on platelets. Naproxen, similar to ibuprofen, appears to prevent the acetylation of COX‐1 by aspirin by competitively binding to COX‐1. Naproxen reduces the inhibitory effect of aspirin on TXA~2~ production as well as AA‐induced aggregation when administered simultaneously, but not when they are taken 2 hours apart.[70](#rth212283-bib-0070){ref-type="ref"} Interestingly, naproxen has been shown to potentiate increases in PFA‐100 closure time after concurrent administration with aspirin,[71](#rth212283-bib-0071){ref-type="ref"} indicating reduced platelet function. The clinical implications of the naproxen‐aspirin interaction remain unclear.

Studies into the concurrent administration of other NSAIDs such as celecoxib and diclofenac report conflicting results. As COX‐2 selective inhibitors do not introduce a compound that blocks COX‐1, it is expected that concurrent administration would not attenuate the inhibition of platelets by aspirin. Celecoxib did not interact with aspirin in 2 studies[66](#rth212283-bib-0066){ref-type="ref"}, [69](#rth212283-bib-0069){ref-type="ref"}; however, celecoxib has also been shown to reduce the antiplatelet activity of aspirin.[56](#rth212283-bib-0056){ref-type="ref"}, [72](#rth212283-bib-0072){ref-type="ref"} Celecoxib may block aspirin inhibition despite being classified as a selective COX‐2 inhibitor, as it can still bind to COX‐1, albeit with lower potency than aspirin or ibuprofen. Diclofenac has been shown to interfere with the ability of aspirin to inhibit platelets, as measured by PFA‐100[71](#rth212283-bib-0071){ref-type="ref"}; however, diclofenac has also failed to interfere with aspirin in other studies.[56](#rth212283-bib-0056){ref-type="ref"}, [66](#rth212283-bib-0066){ref-type="ref"}

10. NSAIDS AND PLATELET STORAGE LESION {#rth212283-sec-0010}
======================================

The main types of platelet products for transfusion are apheresis platelets and pooled platelets. Apheresis platelets are collected by plateletpheresis, and up to 3 units can be collected from a single donor.[73](#rth212283-bib-0073){ref-type="ref"} They may be stored in 100% autologous plasma, or a mixture of autologous plasma and platelet additive solution.[74](#rth212283-bib-0074){ref-type="ref"} Alternatively, pooled platelets are derived from the buffy coat fraction of whole blood. The buffy coats from 4 or 5 different donors are pooled, and the platelet components are then stored in plasma or a mixture of additive and plasma.

Platelets are stored for a maximum of 5 to 7 days, as they deteriorate rapidly during storage. The changes in platelet function and quality that take place during storage are known collectively as the platelet storage lesion (PSL).[75](#rth212283-bib-0075){ref-type="ref"} The PSL is linked with decreased platelet survival and function after transfusion and is characterized by (1) shape change,[76](#rth212283-bib-0076){ref-type="ref"} (2) reduced activation in response to agonists,[76](#rth212283-bib-0076){ref-type="ref"} (3) secretion of granule content,[77](#rth212283-bib-0077){ref-type="ref"} (4) externalization of phosphatidylserine,[78](#rth212283-bib-0078){ref-type="ref"} and (5) release of microparticles.[38](#rth212283-bib-0038){ref-type="ref"} A reduced response to the platelet agonist TxA~2~ and removal of extracellular GPIbα (shedding) are also characteristics of the PSL.[79](#rth212283-bib-0079){ref-type="ref"}, [80](#rth212283-bib-0080){ref-type="ref"} To date, there is very limited evidence on the direct effect of NSAIDs on the PSL. One study demonstrated that when platelets were stored in the presence of aspirin (1 mM), the storage‐induced shedding of GPIbα was unchanged.[79](#rth212283-bib-0079){ref-type="ref"}

11. THROMBOXANE AND AA METABOLISM DURING PLATELET STORAGE {#rth212283-sec-0011}
=========================================================

There are currently very few studies that have examined the direct effects of NSAIDs on stored platelets. However, the accumulation of various enzymes involved in AA release and metabolism has been demonstrated in platelets during their storage. Mitochondria, containing secreted PLA~2~‐IIA are released during storage, promoting leukocyte activation linked to acute adverse transfusion reactions.[43](#rth212283-bib-0043){ref-type="ref"} In situations where stored platelets have higher PLA~2~‐IIA activity, more AA might be formed, and if NSAIDs are also present, this could be further exacerbated, potentially leading to even higher AA concentrations.

Leukotriene B4 is a metabolite of AA, formed by 5‐LOX, which also accumulates in platelet concentrates during storage and has been implicated in transfusion‐related acute lung injury.[81](#rth212283-bib-0081){ref-type="ref"} In addition, a phospholipid, lysophosphatidylcholine accumulates during platelet storage and may result in the release of more AA.[82](#rth212283-bib-0082){ref-type="ref"} In the presence of NSAIDs, a reduction in COX‐1 activity could potentially lead to further AA production. Consequently, more AA could then be available to be metabolized into other reactive lipid metabolites and potentially contributing to the PSL. It remains unclear whether AA further exacerbates the PSL in stored platelets in cases when the donor has taken NSAIDs prior to donation.

In the 1980s, it was shown that the majority of AA is incorporated into phospholipids as part of the phospholipid bilayer in platelets. They found in platelet concentrates, isolated by the platelet‐rich plasma method, that 45% of AA is part of phosphatidylinositol (PI) phospholipids while \~ 16% is present in phosphatidylcholine.[83](#rth212283-bib-0083){ref-type="ref"} During 3 days of platelet storage, \~10% of total phospholipid was lost and released into the plasma storage media, while the content of individual phospholipids remained unchanged.[83](#rth212283-bib-0083){ref-type="ref"}

A later study[84](#rth212283-bib-0084){ref-type="ref"} described that AA content as part of PS phospholipids was increased in platelets concentrates at day 3, but even higher at day 5 following storage. In contrast to AA incorporation into PI phospholipids, this was decreased following 3 days of platelet storage, but somewhat recovered on day 5. The total AA content in resting platelets was decreased.[84](#rth212283-bib-0084){ref-type="ref"} These findings indicate that AA incorporation into phospholipids is a highly dynamic process, especially during storage of platelets.

Various enzymatic pathways implicated in AA metabolism are also impaired during platelet storage. When stored platelets are stimulated by thrombin, TxA~2~ and 12‐HETE are decreased, indicating reduced activity of COX‐1 and 12‐LOX, respectively.[84](#rth212283-bib-0084){ref-type="ref"} When recalcified and clotted, platelets stored for 3 days and longer showed reduced TxA~2~ formation, indicating decreased COX‐1 activity. At days 3 and 5, TxA~2~ accumulates in unstimulated stored platelets.[85](#rth212283-bib-0085){ref-type="ref"} Furthermore, when platelets stored for 3 days are stimulated with collagen, TxA~2~ formation is reduced in the platelet supernatant by 20% to 30%.[86](#rth212283-bib-0086){ref-type="ref"} TxA~2~ release may be further reduced during storage in the presence of NSAIDs. As a result, platelets might be less likely to be preactivated during storage and therefore might respond better upon transfusion in vivo when activated by agonists to cease hemorrhage. However, to date, there is no direct evidence that alterations in AA metabolism and reduced TxA~2~ might lead to higher AA levels in platelets during storage.

12. NSAIDs AND IMPLICATIONS FOR TRANSFUSION OF PLATELET PRODUCTS {#rth212283-sec-0012}
================================================================

Platelet transfusion can be used to reverse the effects of antiplatelet drugs to prevent life‐threatening bleeding. As a model, aspirin‐treated platelets can be mixed with untreated platelets. The addition of 10% to 60% v/v untreated platelets to aspirin‐inhibited platelets in vitro ameliorates aspirin‐mediated inhibition of ADP and AA‐induced aggregation,[87](#rth212283-bib-0087){ref-type="ref"}, [88](#rth212283-bib-0088){ref-type="ref"} as only a fraction of the total platelet population must be replaced to restore full COX‐1 activity. This is of importance for transfused platelets, as they could affect the recipient's COX‐1 activity if the donor had taken aspirin prior to donation. This is unlikely, as all potential donors are currently asked about their medication use and are deferred if they have taken aspirin, although the deferral times vary globally (Table [1](#rth212283-tbl-0001){ref-type="table"}).

To date, only a few studies have investigated the effect of aspirin intake on the function of donated platelet products. Intake of 500 mg of aspirin 12 hours prior to platelet donation decreased platelet aggregation but also TRAP‐6--induced release of the α granule protein P‐selectin, even after 3 days of storage.[89](#rth212283-bib-0089){ref-type="ref"} In contrast, lactate dehydrogenase, lactate, pH, morphology score, and fibrinogen binding were not affected by aspirin intake. Additionally, aspirin (10 μg/mL) does not prevent the release of proinflammatory CD40L from platelet granules following storage for 4 days.[90](#rth212283-bib-0090){ref-type="ref"} In a small cohort, ibuprofen intake prior to whole blood donation and subsequent platelet manufacture led to a variable plasma concentration of 0 to 5 mg/L. In vitro addition of ibuprofen (20 mg/L) fully abolished AA‐mediated aggregation of buffy coat platelets up to 8 days of storage; however, 5 mg/L showed reversible inhibition.[90](#rth212283-bib-0090){ref-type="ref"}

In the future, platelets might be stored at low temperatures (2‐6°C), which might also induce accumulation of the COX‐1 substrate AA. In cold‐stored washed platelets, activation of p38MAPK and cPLA~2~ were induced, as TxA~2~ formation by COX‐1 was prevented at this low temperature.[47](#rth212283-bib-0047){ref-type="ref"} The presence of NSAIDs, together with cold storage, might further potentiate AA accumulation in platelet products during storage. It is currently unknown whether this affects platelet quality or transfusion effectiveness.

13. NSAID DEFERRALS FOR DONATION OF PLATELET PRODUCTS {#rth212283-sec-0013}
=====================================================

Despite donor questionnaires and screening, some donated platelets show exposure to NSAIDs. It has been shown that up to 30% of platelet donations may show exposure to aspirin.[91](#rth212283-bib-0091){ref-type="ref"} However, in a different study, only 7% of donors disclosed NSAID intake prior to donation.[92](#rth212283-bib-0092){ref-type="ref"} Another study found 16% of platelet donors displayed a prolonged closure time over 3 donating days in response to collagen‐ADP and collagen‐epinephrine, when measured by the shear‐based PFA‐100, and 9% had a severe platelet function defect.[93](#rth212283-bib-0093){ref-type="ref"} While impaired platelet function may have causes other than NSAID intake, it is possible that some donors may not accurately disclose their use of these medications.

Consumer knowledge about OTC NSAIDs is limited, which may impact the ability of donors to disclose recent NSAID use. In a recent Australian survey of 262 consumers of Nurofen (ibuprofen) or Nurofen Plus (ibuprofen + codeine), one third of respondents could not correctly indicate the maximum daily dose, and the majority of respondents failed to recognize potential side effects.[1](#rth212283-bib-0001){ref-type="ref"} Further, a fifth of respondents did not correctly identify the active ingredient of Nurofen or Nurofen Plus.[1](#rth212283-bib-0001){ref-type="ref"} A failure to identify active ingredients is relevant to platelet donation, as donor screening forms do not feature brand names and assume that blood donors have basic knowledge about the medications they are taking.

Even when NSAIDs are not administered topically as eyedrops, they are able to affect platelet activity systemically by inhibiting AA‐induced aggregation, P‐selectin and TxA~2~ formation.[94](#rth212283-bib-0094){ref-type="ref"} Intraocular routes of administration might therefore need to be considered alongside oral NSAID use when screening prospective blood donors.

14. FUTURE DIRECTIONS {#rth212283-sec-0014}
=====================

Securing a safe and efficient supply of platelet products is essential for any modern medical system. Blood services have to balance the requirement for donor screening and careful monitoring of risk factors with the high demand for transfusions. Despite a long history of research into the effects of aspirin on platelet function in vivo and in vitro, platelet function following treatment by other NSAIDs and related drugs such as paracetamol is not as well studied. Moreover, concurrent NSAID use, the effect of NSAID metabolites on platelet function, and the impact of these compounds on platelet quality during storage and after transfusion demands further research.

The common use of NSAID medications may support the dogma that these medications have negligible effects on platelet quality; however, it is unclear what the potential impact of NSAIDs is on platelets during storage. Some consumers are also unaware of the risks of OTC medications. Changes to donor deferral periods, inclusion of more donors, and longer platelet storage times may also affect platelet products, and it is therefore important to identify and study the possible impact of NSAID intake on platelet quality, death, and clearance following their transfusion.
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